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Abstract
Although genetic background alters responses to ethanol, there has not yet been a
methodical quantiﬁcation of differences in ethanol-related behaviors between in-
bredandhybridmicecommonlyusedingene-targetingstudies.Here,wecompared
C57BL/6NTac × 129S6/SvEvTac F1 hybrid mice (B6129S6) with C57BL/6NTac
inbred mice (B6NT), and C57BL/6J × 129X1/SvJ (B6129X1) and C57BL/6J ×
129S4/SvJae F1 hybrids (B6129S4) with C57BL/6J mice (B6J), in ﬁve commonly
usedtests:continuousaccesstwo-bottlechoicedrinking,intermittentlimited-access
binge drinking, ethanol clearance, ethanol-induced loss of the righting reﬂex, and
conditioned place preference (CPP) for ethanol. We found that inbred B6J and
B6NT mice showed greater ethanol preference and consumption than their re-
spective hybrids when ethanol was continuously available. Within the intermittent
limited-accessdrinkingprocedure,thoughalllinesshowedsimilarintakeovereight
drinking sessions, the average of all sessions showed that B6NT mice drank signif-
icantly more ethanol than B6129S6 mice. In addition, B6J mice consumed more
ethanol than B6129X1 mice, although they drank less than B6129S4 mice. No
differences in ethanol LORR duration were observed between inbred and hybrid
mice. Although ethanol clearance was similar among B6J mice and their respective
hybrids, B6NT mice cleared ethanol more rapidly than B6129S6 mice. All lines
developed CPP for ethanol. Our ﬁndings indicate that it may not be necessary
to backcross hybrids to an inbred B6 background to study many ethanol-related
behaviors in gene-targeted mice.
Introduction
C57BL/6 (B6) is the most commonly used mouse strain
in neuroscience. Although recently it has become possible
to generate gene-targeted mice using embryonic stem (ES)
cells derived from B6 mice, most have been made using
mouse ES cell lines derived from 129 mouse substrains such
as 129S6/SvEvTac (W4 cells), 129X1/SvJ (RW-4 cells), and
129S4/SvJae (J1 cells) (Simpson et al. 1997; Auerbach et al.
2000). Following homologous recombination, 129 ES cells
are usually implanted into blastocysts harvested from B6
females to generate chimeric progeny (Brook and Gardner
1997).ThesechimerasarecrossedwithB6micetodetermine
germlinetransmissionintheB6×129hybridF1generation.
Chimeras that show germline transmission may be crossed
with129inbredmicetomaintainthemutationonanisogenic
129 line, while heterozygous F1 hybrids can be intercrossed
to generate F2 hybrid wild-type and mutant mice for experi-
mentsorbackcrossedwithB6miceforseveralgenerationsto
generate a congenic B6 line that carries the mutation. Highly
backcrossed B6 mice are often desirable because their ge-
neticbackgroundisnearlyhomogeneousandmuchisknown
about wild-type B6 phenotypes. However, since backcross-
ing takes considerable time and resources, inbred lines may
express phenotypes that interfere with certain experiments,
and inbred lines often yield fewer pups per litter than hybrid
mice, studies are often performed using wild-type and mu-
tanthybridmiceoftheF2generationwherethecontribution
of DNA from both genetic backgrounds is ∼50% in all mice.
A supply of experimental F2 hybrids can be maintained by
intercrossing heterozygous F1 breeders, which are in turn re-
plenished by crossing 129 inbred mutants with wild-type B6
mice.
Besides considerations of time, cost, and litter size, hybrid
mice may be more appropriate for studies in which wild-
type B6 mice show an extreme phenotype. For example, the
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genetic background of mice greatly inﬂuences their pref-
erence and response to ethanol (Bachmanov et al. 1996;
Blednov et al. 2005; Yoneyama et al. 2008); B6 mice exhibit a
high ethanol preference in many paradigms, including con-
tinuous access two-bottle choice and limited access binge
drinking (Belknap et al. 1993; Rhodes et al. 2007). Thus, to
determine if a mutation increases drinking, it may be best
to use B6 × 129 hybrid mice as moderate drinkers to avoid
a ceiling effect. Another consideration is the choice of 129
substrain since several behavioral differences have been ob-
servedamongthem(Botheetal.2004).Therefore,amethod-
ical analysis of differences between B6 inbred lines and their
B6 × 129 hybrid counterparts would be useful for planning
new ethanol studies and for interpreting prior studies that
used different strains.
Here, we examined ﬁve strains of mice: B6NT and B6J in-
breds, and B6129S6, B6129X1, and B6129S4 hybrids in ﬁve
ethanol studies: continuous access two-bottle choice drink-
ing, intermittent limited-access binge drinking, ethanol-
induced loss of the righting reﬂex (LORR), ethanol clear-
ance, and conditioned place preference (CPP) for ethanol.
Our ﬁndings may inform decisions on whether or not to
backcrossnewlygeneratedh ybridlinesofgene-targetedmice
to study ethanol-related behaviors.
Materials and Methods
Rodent care and breeding
Micewerehousedundera12:12hlight–darkcycle(lightsoff
from 7 PM to 7 AM), except for mice used in the limited-
access drinking procedure (see below). A na¨ ıve group of
mice was used for each experiment, with the exception of
the ethanol clearance tests, which were performed on mice
that underwent the loss of righting procedure at least one
week prior. All mice had ad libitum access to food and
water. All experiments were conducted using eight- to 13-
week-old male mice. For experiments involving B6129S6
mice, C57BL/6NTac mice obtained from Taconic were com-
pared with C57BL/6NTac × 129S6/SvEvTac (B6129S6) F1
hybrids obtained from Taconic or bred in house by mat-
ing C57BL/6NTac females with 129S6/SvEvTac males. No
differences in ethanol-related behaviors were observed be-
tween mice generated at Taconic versus mice bred in house.
For experiments involving B6129X1 and B6129S4 mice,
C57BL/6J mice were obtained from The Jackson Laboratory
and compared with C57BL/6J × 129X1/SvJ (B6129X1) and
C57BL/6J×129S4/SvJae(B6129S4)F1hybrids.Bothofthese
hybrid lines were bred in house by mating C57BL/6J females
with 129X1/SvJ or 129S4/SvJae males. All procedures were
approved and conducted in accordance with Gallo Center
Institutional Animal Care and Use Committee policies and
NIH guidelines for the care and use of animals in research.
Continuous access two-bottle choice
ethanol drinking
Na¨ ıve mice were singly housed for one week and then were
given 24-h access to two bottles, one containing ethanol and
the other water. The ethanol concentration was increased
every four to ﬁve days as follows: 3%, 6%, 10%, 14%, and
20%(v/v)ethanolinwater.BottleswereweighedonMonday,
Wednesday, and Friday, and the positions of the bottles were
alternatedeverydaytocontrolforanysidepreferences.Base-
line water consumption was measured prior to the start of
the ethanol series, and mice were weighed weekly through-
out the study. Ethanol consumption was measured as the
difference between bottle weights between weighing sessions
and calculated as g ethanol/kg mouse/24 h. Ethanol prefer-
ence was calculated as g ethanol/g total ﬂuid consumed/24 h.
Drinking volumes were corrected for spillage by subtracting
loss of liquid from two bottles of ethanol and water placed
on empty cages in the same rack as experimental cages. At
the end of the ethanol series, mice were given access to two
bottles of water for one week. They were then given 24-h ac-
cess to a bottle of water and a second bottle of water ﬂavored
with either saccharin (sweet) or quinine (bitter) for two days
to test taste reactivity. These tastants were provided in a se-
ries that was as follows: 0.03% saccharin, 0.06% saccharin,
0.015 mM quinine, and 0.03 mM quinine. Saccharin and
quinine consumption was measured as the difference in bot-
tle weights between days as gram ﬂavored solution drank/kg
mouse/24 h and preference was measured as g ﬂavored so-
lution drank/total solution/24 h. Bottle positions were alter-
nated daily and control bottles were included to correct for
spillage.
Intermittent limited-access drinking
Ethanol-na¨ ıve mice were individually housed in a reverse
light–dark cycle room (lights off from 10 AM to 10 PM) and
allowed to acclimate for two weeks. Following acclimatiza-
tion, home cage water bottles were replaced with a single
bottle of 20% (v/v) ethanol in water 2 h after lights off for
4honMonday,Wednesday,andFriday,foratotalofeightses-
sions. Bottles were weighed before and after each session and
mice were weighed once per week. Baseline water consump-
tion was measured one day before the beginning of ethanol
accessbyweighingawaterbottlebeforeandafterasingle4-h
session.Micehadadlibitumaccesstowaterwhenethanolwas
not present. Ethanol consumption (g ethanol/kg mouse/4 h)
was calculated as the difference in bottle weights before and
after drinking sessions. Drinking volumes were corrected for
spillage by subtracting weight lost from two control bottles
of 20% ethanol placed on empty cages for the duration of
the sessions. At the end of the eighth and last ethanol ac-
cess session, 20 μl of blood was obtained from the tail vein
of each mouse to measure the blood ethanol concentration
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(BEC). Blood samples were stored at –80◦C until BECs were
determinedusinganNAD-ADHenzymaticassay(Carnicella
et al. 2009). This limited-intermittent access procedure leads
tohighlevelsofethanolconsumption(7±2g/kg/4h)aswell
as high BECs (>90 mg%) in C57BL/6J mice (Neasta et al.
2010).
Ethanol clearance
Mice were administered 4.0 g/kg of ethanol i.p. and 20 μlo f
blood was obtained via tail vein puncture at 30, 60, 90, 120,
and180minpost-injection.BECsweredeterminedusingthe
NAD-ADH enzymatic assay as above.
Loss of the righting reﬂex (LORR)
To assess the hypnotic effects of ethanol, mice were adminis-
tered 3.6 g/kg ethanol i.p. and checked for LORR by turning
themontheirbacks.LORRwasdeﬁnedastheinabilityofthe
mouse to right itself within 30 sec. Mice were determined to
have regained their righting reﬂex if they were able to right
themselves three times within 30 sec. Duration of the LORR
was recorded.
Conditioned place preference (CPP)
CPP for ethanol was measured with a two-chambered appa-
ratus using an unbiased procedure. Mice were trained in a
27.3 × 27.3 cm2 Med Associates (St. Albans, VT) open-ﬁeld
apparatus equipped with two chambers that had different
ﬂoor textures (rods or holes) and wall patterns (vertical or
horizontal stripes). A manual guillotine door that was closed
duringtrainingandopenduringhabituationandtestsessions
separated the chambers. Prior to training, na¨ ıve mice were
habituated to the apparatus by injecting them with saline
i.p. and then allowing them access to both chambers for 30
min. The following day, half of the mice were administered 2
g/kgethanoli.p.andplacedinoneconditioningchamberfor
5 min. The next day, they were administered an equivalent
volume of saline i.p. and placed in the opposite chamber for
5 min. This two-day pattern was repeated for a total of eight
days, resulting in four saline- and four ethanol-conditioning
sessions. The other half of the animals received saline on the
ﬁrst,third,ﬁfth,andseventhconditioningdayandethanolon
thesecond,fourth,sixth,andeighthconditioningday.Atwo-
day weekend break occurred after the ﬁrst four conditioning
sessions. Twenty-four hours following the ﬁnal conditioning
session,allmicewereinjectedwithsalinei.p.andallowedac-
cess to both chambers for 30 min. The results were analyzed
in three different ways. First, the time spent in the ethanol-
paired side during the habituation session was subtracted
from time spent in that same side during the test session to
calculate a CPP score, which was compared to a theoretical
mean of 0 (no CPP) and was compared between strains. Sec-
ond, we subtracted the time spent in the saline-paired side
from the time spent in the ethanol-paired side on test day
to measure preference for the ethanol-paired side, which was
also compared to a theoretical mean of 0 (no CPP) and be-
tween strains. Third, we compared the amount of time spent
on the rod ﬂoor when it was paired with ethanol (rod+) and
when it was paired with saline (rod–) for each strain.
Statistical analyses
All data are shown as mean± SEM values and were analyzed
with Prism 5.0 (GraphPad Software, San Diego, CA). All re-
sults were tested for normality using a D’Agostino & Pearson
omnibus normality test. For continuous access two-bottle
choice ethanol drinking, data were analyzed by two-way
ANOVA with ethanol concentration as a repeated measure
and mouse strain as a between subjects factor. Intermittent,
limited access drinking was analyzed by two-way ANOVA
with drinking session as a repeated measure and strain as a
between subjects factor. For ethanol clearance, data were an-
alyzed by two-way ANOVA with time as a repeated measure
and strain as a between subjects factor. Where there were
signiﬁcant interactions between factors, pairs of means were
compared using Bonferroni post-hoc tests. Student’s t-test
was used to analyze LORR data. For CPP, data were ana-
lyzedusing aone-samplet-testorWilcoxonranksignedtest,
comparing results with a hypothetical mean or median of 0.
Differences between mean or median values were assessed
usingatwo-tailed,unpairedt-test,Mann–Whitneytest,one-
way ANOVA, or two-way ANOVA followed by a Bonferroni
post-hoc test, as appropriate. Differences were considered
signiﬁcant if P < 0.05.
Results
Continuous access ethanol consumption and
preference
To determine levels of voluntary ethanol consumption and
preference, we conducted a continuous access two-bottle
choice drinking test. As expected, we found that B6129
mice of all substrains consumed signiﬁcantly less ethanol
than their B6 counterparts. As shown in Figure 1a, hy-
brid B6129S6 mice consumed less ethanol than B6NT mice
[Fconcentration(4,88)=21.41,P <0.0001;Fstrain(1,88)=6.379,
P = 0.0193; Fconcentration ×strain(4, 88) = 12.11, P < 0.0001].
They also showed lower ethanol preference [Fconcentration (4,
88) = 51.90, P < 0.0001; Fstrain(1, 88) = 10.54, P = 0.0037;
Fconcentration ×strain(4,88)=7.468,P <0.0001].Post-hoctests
indicated that compared with B6NT mice, B6129S6 mice
consumed smaller quantities of 14% ethanol and showed a
lower preference for 10% and 14% ethanol.
When comparing B6J mice with their respective hy-
brids, we observed qualitatively similar results, although
the differences in consumption (Fig. 1c) and prefer-
ence (Fig. 1d) were present across a greater range of
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Figure 1. B6129 F1 hybrid mice show
decreased voluntary ethanol consumption and
preference compared with B6 inbred mice.
B6129S6 mice (n = 12) showed decreased
ethanol consumption (a) and preference (b)
when compared with B6NT mice (n = 12).
∗P < 0.05 compared with B6129S6 mice by a
Bonferroni post-hoc test. B6129X1 and
B6129S4 mice (n = 12 per group) showed
decreased ethanol consumption (c) and
preference (d) compared with B6J mice (n =
12). ∗P < 0.05 for B6129X1 mice compared
with B6J, and #P < 0.05 for B6129S4 mice
compared with B6J by Bonferroni post-hoc
tests.
ethanol concentrations. B6129S4 and B6129X1 mice con-
sumed less ethanol than B6J mice [Fconcentration(4, 132) =
38.72, P < 0.0001; Fstrain(2, 132) = 35.94, P < 0.0001;
Fconcentration ×strain(8,132)=6.099,P <0.0001].ForB6129S4
mice, this difference was present at ethanol concentrations
above3%andforB6129X1miceatconcentrationsabove6%.
B6129X1 and B6129S4 mice also showed lower ethanol pref-
erence than B6J mice (Fig. 2d), with main effects of ethanol
concentration [F(4, 132) = 34.80, P < 0.0001] and mouse
strain [F(2, 132) = 23.88, P < 0.0001], but not a signiﬁ-
cantinteractionbetweenthesefactors[F(8,132)=1.74,P <
0.09]. Both B6129X1 and B6129S4 hybrid mice showed sig-
niﬁcantly lower ethanol preference than B6J mice (P < 0.01
for both comparisons, Bonferroni test).
We next investigated whether the differences in ethanol
preferencearosefromdifferencesintasteperceptionbetween
inbred and hybrid strains. We provided mice with water and
increasing concentrations of either saccharin (sweet) or qui-
nine (bitter) in a continuous access two-bottle choice test.
There were no differences in consumption or preference be-
tween B6NT and B6J mice and their hybrid counterparts for
saccharin or quinine (Table 1). These data suggest that there
are no differences in taste reactivity between the inbred and
related hybrid lines.
Limited-intermittent access binge drinking
To measure binge-like ethanol consumption, we provided
mice with limited and intermittent access to ethanol during
their circadian dark cycle (Neasta et al. 2010). Using this
model, mice achieve levels of ethanol consumption ranging
from 3 to 7 g/kg per 4-h session. Comparison of the patterns
of drinking across all sessions showed that B6129S6 hybrids
consistently consumed less ethanol than B6NT mice with a
signiﬁcantmaineffectofstrain[F(1,140)=9.34,P =0.006]
and session [F(7, 140) = 9.66, P < 0.001] but no strain by
session interaction [F(7, 140) = 1.60, P = 0.666] (Fig. 2a).
B6129X1 hybrids overall also drank less than B6J mice with
a signiﬁcant main effect of strain [F(1, 154) = 19.60, P =
0.002] and session [F(7, 154) = 3.64, P = 0.0012] and a
strain by session interaction [F(7, 154) = 2.51, P = 0.0181]
that was signiﬁcant by post-hoc testing at day 7 (Fig. 2b).
In contrast, B6129S4 hybrids drank similarly to B6J mice,
with no main effect of strain [F(1, 153) = 2.46, P = 0.131]
but a signiﬁcant effect of session [F(7, 153) = 10.60, P <
0.001] and no signiﬁcant strain by session interaction [F(7,
153) = 1.49, P = 0.176] (Fig. 2c). We also detected these
differenceswhenwecomparedethanolconsumptionoverall
eight binge-drinking sessions; B6129S6 hybrids consumed
less ethanol than B6NT mice (P < 0.0001) and B6129X1
hybridslessthanB6Jmice(P <0.0001),butB6129S4hybrids
drank slightly more than B6J mice (P < 0.05) (Table 2).
Ethanol clearance
Since differences in ethanol metabolism could inﬂuence
ethanolconsumption,wemeasuredtherateofethanolclear-
ancebyadministeringahypnoticdose(4g/kg,i.p.)ofethanol
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Figure 2. Limited-intermittent access to ethanol drinking in B6129 F1
hybrid and B6 inbred mice. (a) B6129S6 mice (n = 10) showed decreased
drinking compared with B6NT mice (n = 12). (b) B6129X1 mice (n = 12)
showed decreased drinking on day 7 compared with B6J mice (n = 12).
∗P < 0.05 by a Bonferroni test. (c) B6129S4 mice (n = 12) and B6J mice
(n = 12) consumed similar amounts of ethanol.
andcollectingbloodsamplesatseveraltimepointsthereafter.
B6NT mice cleared ethanol more rapidly than B6129S6 hy-
brid mice [Ftime(4, 40) = 18.85, P < 0.0001; Fstrain(1, 40) =
7.14, P = 0.02; Ftime ×strain(4, 40) = 3.41, P = 0.02; Fig. 3a].
For the B6J versus B6129X1 comparison, there was a sig-
niﬁcant main effect of time [F(4, 40) = 6.18, P = 0.0006],
but not for strain, and no signiﬁcant strain by time inter-
action (Fig. 3b). There was a signiﬁcant main effect of time
[F(4, 40) = 13.87, P < 0.0001] and a strain by time in-
teraction [F(4, 40) = 2.80, P = 0.04] for the B6J versus
B6129S4comparison,butpost-hoctestingdidnotrevealsig-
niﬁcant differences between strains at individual time points
(Fig. 3c). Comparison of clearance values for B6NT mice
(Fig. 3a) with B6J mice (Fig. 3b and c), which were derived
from different experiments, suggested that there were differ-
ences in ethanol metabolism between these inbred strains.
To determine if this represented a true strain difference or
was due instead to variation between experiments, we tested
B6NT and B6J mice together in one experiment, and found
no difference between them in their rate of ethanol clearance
(Fig. S1).
Loss of the righting reﬂex (LORR)
To examine a behavioral response to a hypnotic dose of
ethanol, we examined the duration of the ethanol-induced
LORR. There was no difference in LORR duration between
B6NT and B6129S6 mice (P = 0.18), nor was there a differ-
ence between B6J, B6129X1, and B6129S4 mice [F(2,29) =
0.06; P = 0.94] (Table 3).
CPP for ethanol
CPP is a widely used procedure to examine the rewarding
properties of ethanol and other drugs of abuse. Of all ﬁve
strains, only B6J showed a small baseline aversion for the rod
sideoftheCPPchamber(Fig.4a).AllstrainsshowedCPPfor
ethanolwhenmeasuredbyCPPscore(Fig.4b),orpreference
for the ethanol-paired side on test day (Fig. 4c). There were
no signiﬁcant differences between CPP scores (P = 0.88) or
preference for the ethanol-paired side on test day (P = 0.07)
for B6NT strains. After excluding data from one B6J mouse
as an outlier by a Grubb’s test, we found no signiﬁcant dif-
ference between CPP scores for B6J strains [F(2,32) = 2.5,
P = 0.09]. However, B6129×1 mice showed a greater pref-
erence for the ethanol-paired side than B6J mice did on the
test day [F(2,33) = 3.99, P = 0.028]. When we analyzed the
results by comparing time spent on the rod ﬂoor when it was
paired with ethanol versus saline (Fig. 4d), we found that
both B6NT strains (B6NT, B6129S6) spent more time on the
rod ﬂoor when it was paired with ethanol (rod+) than when
it was paired with saline (rod–) [Fpairing(1,20) = 18.48, P =
0.0003], but there was no difference between strains in rod
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Table 1. Saccharin and quinine consumption and preference are similar in respective hybrid and inbred lines (n = 10–12 per group)
0.03% Saccharin 0.06% Saccharin 0.015 mM Quinine 0.03 mM Quinine
Consumption (g tastant/kg mouse/day)
B6NT 150.5 ± 10.7 154.7 ± 14.9 39.0 ± 6.9 56.7 ± 8.9
B6129S6 160.1 ± 16.8 200.7 ± 21.8 29.2 ± 6.1 50.6 ± 6.2
B6J 127.9 ± 15.4 190.8 ± 8.8 36.3 ± 6.1 13.7 ± 2.2
B6129X1 118.9 ± 26.6 157.1 ± 18.6 27.0 ± 6.4 9.7 ± 3.7
B6J 148.5 ± 13.2 166.1 ± 23.6 66.3 ± 10.4 28.0 ± 8.1
B6129S4 100.3 ± 15.7 159.1 ± 17.7 44.2 ± 11.02 27. 9 ± 8.5
Preference (g ﬂuid with tastant/g total ﬂuid/day)
B6NT 0.82 ± 0.03 0.96 ± 0.01 0.34 ± 0.06 0.27 ± 0.04
B6129S6 0.79 ± 0.04 0.92 ± 0.01 0.31 ± 0.05 0.30 ± 0.04
B6J 0.72 ± 0.07 0.94 ± 0.01 0.31 ± 0.07 0.11 ± 0.02
B6129X1 0.56 ± 0.08 0.79 ± 0.06 0.26 ± 0.06 0.08 ± 0.03
B6J 0.86 ± 0.04 0.81 ± 0.09 0.53 ± 0.08 0.23 ± 0.07
B6129S4 0.63 ± 0.09 0.84 ± 0.07 0.40 ± 0.10 0.25 ± 0.08
Table 2. Average ethanol consumption during limited-intermittent
ethanol access.
Mouse Strain Consumption (g/kg)
B6NT 3.64 ± 0.20
B6129S6 2.44 ± 0.19∗∗
B6J 5.02 ± 0.18
B6129X1 3.63 ± 0.15∗∗
B6J 4.04 ± 0.20
B6129S4 4.65 ± 0.23∗
∗∗P < 0.0001, ∗P < 0.05, two-tailed t-test; n = 10–12 per group.
ﬂoor pairing with ethanol or saline [Fstrain ×pairing(1,20) =
0.39, P = 0.54]. For B6J strains, there was a signiﬁcant inter-
actionbetweenstrainandﬂoorpairing[Fstrain ×pairing(2,30)=
5.93, P = 0.0068] such that all strains spent more time on
the rod ﬂoor when it was paired with ethanol than when it
was paired with saline, and B6129X1 mice spent more time
ontheethanol-pairedrodﬂoorthandidB6Jmice(Fig.4d).
Discussion
We investigated whether B6129 hybrid mice show signiﬁcant
differences in ethanol-related phenotypes when compared
with their B6 inbred counterparts. We observed the greatest
behavioral differences in the continuous access, two-bottle
choice test, where hybrid mice consumed signiﬁcantly less
ethanol than inbred mice. In contrast, in the limited access
procedure,differenceswerelesspronounced.Indeed,onehy-
brid line, B6129S4, consumed more than its corresponding
inbred line B6J. B6J inbred and hybrid lines showed similar
ethanol clearance. In contrast, the comparison of the B6NT
mice with B6129S6 mice showed that the hybrid has slower
ethanol clearance but only at later time points, 2–3 h follow-
ingethanoladministration.Therewasnodifferencebetween
inbredandhybridlinesinthedurationoftheLORR.Further,
all strains developed a modest CPP for ethanol, with slight
differences in magnitude. These results indicate that B6 mice
andtherelatedthreehybridlinesexaminedhereperformsim-
ilarly on all behavioral tests except those involving ethanol
consumption.
Thecontinuousaccesstwo-bottlechoiceprocedureiscom-
monly used to study ethanol self-administration in mice.
As expected based on prior studies of ethanol intake in B6
and 129 mice (Belknap et al. 1993; Bachmanov et al. 1996;
Yoneyamaetal.2008),wefoundthatB6miceincreasedtheir
consumption of ethanol at concentrations that produced a
reduction of ethanol consumption and preference in hybrid
mice. Hybrid lines showed maximal ethanol consumption
with10%ethanol,whileinbredlinespeakedat14%.Alllines
reducedtheirethanolconsumptionandpreferencewith20%
ethanol,suggestingaversionforthisconcentration.Thesere-
sultsindicatethatinbredB6micearebettersuitedthanB6 ×
129hybridmiceforstudyinghighlevelsofethanolconsump-
tioninacontinuousaccessprocedure.However,hybridmice
may be better suited for detecting the ability of gene disrup-
tion to increase drinking in this procedure.
Although the continuous access paradigm can be used
to screen for differences in low-to-moderate ethanol con-
sumption, rodents may not consume enough ethanol in
this procedure to become intoxicated (Spanagel 2000). To
study higher levels of ethanol consumption, investigators
have used limited access paradigms providing ethanol in
the dark when rodents are more active (Rhodes et al. 2005,
2007;Neastaetal.2010).Invariationsoftheprocedure,mice
can consume enough ethanol to reach BECs greater than
80 mg/dL, the level of legal intoxication in many states of
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Figure 3. Ethanol clearance rates of B6129 F1 hybrid and B6 inbred
mice. (a) B6129S6 mice (n = 6) showed decreased ethanol clearance
compared with B6NT mice (n = 6) at 120 and 180 min postethanol
injection (∗P < 0.05 by a Bonferroni post-hoc test). (b) B6129X1 and B6J
mice showed similar rates of ethanol clearance (n = 6f o re a c hs t r a i n ) .
(c) B6J and B6NT mice showed similar rates of ethanol clearance (n = 6
for each strain).
Table 3. Similar duration of the ethanol-induced loss of the righting
reﬂex in hybrid and inbred lines.
Mouse strain LORR duration (min)
B6NT 23.40 ± 2.25
B6129S6 28.92 ± 3.10
B6J 23.36 ± 2.62
B6129X1 22.08 ± 2.89
B6129S4 22.44 ± 2.14
n = 10–12 per group.
the United States (NIAAA 2004). Interestingly, the hybrid
strains, which showed low levels of consumption and prefer-
ence in the continuous access two-bottle choice test at high
ethanolconcentrations,consumedhighlevelsof20%ethanol
more similar to, or in the case of the B6129S4 mice, slightly
greaterthantheirB6counterparts.Thisﬁndingdemonstrates
that the method of ethanol access is important, and chal-
lenges the notion of labeling certain mouse strains “ethanol-
preferring” and “ethanol non-preferring” without consid-
ering the access procedure. This issue should be carefully
considered when trying to parse out differences in ethanol
drinking between mice of different genetic backgrounds.
Since differences in ethanol metabolism can alter blood
ethanol levels, we examined ethanol clearance. The only ma-
jor difference in clearance we observed was between B6NT
and B6129S6 mice at 120 and 180 min postethanol injec-
tion, when the hybrids showed slower clearance. The basis
for the difference in clearance between these strains is not
clear but might relate to strain differences in enzymes that
metabolize ethanol and acetaldehyde. B6 mice and certain
substrains of 129 mice have different alleles of the gastric
isozyme of ethanol dehydrogenase, Adh-3, but the same alle-
lesoftheliverisozymeAdh-1(Holmesetal.1982).However,
this cannot account for the differences in clearance observed
here,sinceethanolwasadministeredintraperitoneallyinthis
experiment.
Todetermineifthebehavioralresponsetoahypnoticdose
of ethanol was different among the strains, we measured
the duration of the LORR. Paralleling the clearance results,
the B6129S6 mice displayed a trend toward a longer LORR
duration than their B6NT counterparts, although this trend
wasnotstatisticallysigniﬁcant.DelayedclearanceinB6129S6
micemighthavecontributedtothistrend,butrecoveryfrom
theLORR occurredmuchearlier(20–30min)thanwhenthe
strains showed signiﬁcant differences in clearance (2–3 h).
The development of acute tolerance is a major pharmaco-
dynamic factor that determines recovery from the ethanol-
induced LORR (Wallace et al. 2007). Although our clearance
and LORR experiments are not entirely comparable since we
administereddifferentdosesofethanol(4.0g/kgforclearance
and 3.6 g/kg for LORR), our inability to detect differences in
LORR duration might be due to more rapid development of
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Figure 4. Conditioned place preference (CPP) to ethanol in B6129 hybrid and B6 inbred mice. (a) During baseline habituation, B6J mice spent
signiﬁcantly less time on the rod ﬂoor than on the hole ﬂoor (∗P < 0.05 compared with 15 min, one-sample t -test). (b) CPP scores for all strains
were signiﬁcantly greater than 0 (∗P < 0.05), indicating the presence of CPP for ethanol. (c) On the test day, all strains showed a preference for the
ethanol-paired side (∗P < 0.05) and this preference was greater for B6129X1 than for B6J mice (†P < 0.05). (d) All strains spent more time on the rod
ﬂoor when it was paired with ethanol than when it was paired with saline. B6129X1 spent more time than B6J mice on the ethanol-paired rod ﬂoor
(∗P < 0.05 and †P < 0.05). Data shown are mean ± SEM values except in the left panel in (c), which shows the median and range of data since they
were not normally distributed. For (a–c), n = 12 per group, and for (d) n = 6 per group.
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acute tolerance to ethanol in B6129S6 mice compared with
B6NTmice,whichcoulddampenthedelayingeffectofslower
ethanol clearance on LORR recovery.
We noted a rather large difference in initial blood alcohol
levels at 30 min post-ethanol injection between Taconic and
JacksonB6micetestedindifferentsessions.Toinvestigatethis
phenomenon more closely, we compared clearance between
B6NT and B6J mice tested together in the same session, and
found no difference in either initial blood alcohol levels or
clearancerates(SupplementalFig.1).Wethusconcludedthat
the differences seen between sessions may have been due to
variations in environment and timing.
In a ﬁnal series of experiments, we tested for CPP to
ethanol. It has been reported that it is difﬁcult to model
CPP to ethanol in B6 mice, with contradictory reports rec-
ommending longer and shorter conditioning sessions (Cun-
ningham and Noble 1992; Cunningham, 1995). However,
Nocjaretal.(1999)wereabletoshowsuccessfulCPPwith16
short, 10-min sessions. Our procedure used a slightly higher
ethanol dose and only eight conditioning sessions of 5 min
each. This resulted in signiﬁcant CPP for all lines by three
m e t h o d so fd a t aa n a l y s i s .E v e nt h o u g hB 6 Jm i c es h o w e da
baseline aversion to the CPP chamber with the rod ﬂoor,
the effect was small and was unlikely to have been a major
inﬂuenceonourCPPresults,evenwithanunbiasedprotocol.
Alcoholism in humans is a complex disease that is greatly
inﬂuencedbygenetics,andtherearenumerousongoingstud-
ies using gene-targeted mice to dissect possible biological
pathways. Here, we presented data from a screen of wild-
type mice of ﬁve different commonly encountered genetic
backgrounds. We found that both of the commonly used B6
inbred mouse lines drink considerably more ethanol, and
have a greater preference for ethanol when it is continuously
available, compared with their respective B6129 F1 hybrids.
Hence, if a high level of drinking in a continuous access pro-
cedure is desired, it may be advantageous to backcross the
transgenic line of interest to a background of greater than
50% B6 relative to 129. However, one may also achieve high
levels of drinking even in hybrid mice by using the limited
intermittent access procedure described here. For studying
other behaviors, it may not be necessary to backcross hy-
brid mice to generate a congenic B6 line. Our results sug-
gest the importance of considering the genetic background
of mice in the design and interpretation of ethanol stud-
ies. Importantly, these conclusions also suggest that some
ethanol-related behaviors may be tested in newly generated
gene-targeted hybrids, thereby saving investigators time and
resources involved in backcrossing.
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